Tick paralysis is a preventable cause of illness and death that, when diagnosed promptly, requires simple, low-cost intervention (tick removal). We reviewed information on cases of tick paralysis that were reported to the Washington State Department of Health (Seattle) during 1946-1996. Thirty-three cases of tick paralysis were identified, including 2 in children who died. Most of the patients were female (76%), and most cases (82%) occurred in children aged !8 years. Nearly all cases with information on site of probable exposure indicated exposure east of the Cascade Mountains. Onset of illness occurred from March 14 to June 22. Of the 28 patients for whom information regarding hospitalization was available, 54% were hospitalized. Dermacentor andersoni was consistently identified when information on the tick species was reported. This large series of cases of tick paralysis demonstrates the predictable epidemiology of this disease. Improving health care provider awareness of tick paralysis could help limit morbidity and mortality due to this disease.
Tick paralysis is a disease that occurs worldwide and regularly in the western United States and Canada. The illness is characterized by ascending bilateral flaccid paralysis that progresses over hours to days. Tick paralysis is caused by the introduction of a neurotoxin into humans during attachment and feeding by the females of several tick species [1] . Although sensory function is spared, respiratory compromise may result secondary to respiratory muscle paralysis [2] . The mortality rate has been reported to be 10%-12% [3] . Removal of the tick typically results in recovery. However, lack of early detection may lead to progression of paralysis, necessitating respiratory support and extensive neurological diagnostic evaluation, and can cause death.
Case series of tick paralysis are uncommon in the medical literature; these series were reported many decades ago [3] [4] [5] . No national surveillance system exists for this disease in the United States. Washington State discontinued identifying tick paralysis as a reportable disease in 1998, and we are unaware of any other state where it is reportable. Although there have been case reports [1, [6] [7] [8] [9] , a systematic summary of cases of tick paralysis in the United States has not been reported. To describe and draw attention to this curable, but potentially lethal, tick-borne illness, we report 1 case of tick paralysis and review 33 cases reported in Washington State since 1946. We also discuss hospital charges for treatment, to estimate the inpatient costs for this disease.
Methods
Demographic, geographic, and clinical data from reported cases were collected by use of a standardized surveillance case report form. Entomological information was also recorded when available. We summarized the collected data on cases of tick paralysis that were reported to the Washington State Department of Health (Seattle) during 1946-1996. Hospital charges for cases occurring during 1987-1996 were obtained from the Washington State Commission Hospital Abstract Reporting System. Case 1. A 6-year-old girl who lived in eastern Washington complained of an inability to get out of bed shortly after midnight on 12 June 1996. She then slept the remainder of the night, but her mother was awakened by her screaming at ∼7 AM the following morning. The girl was unable to walk and was taken immediately to a local hospital. She reported difficulty swallowing water at home. Physical examination noted the above findings and a diminished ability to move her hands and a weak grip bilaterally; she was able to wriggle her toes. There was no evidence of dyspnea, and pulmonary auscultation was unremarkable. A preliminary diagnosis of Guillain-Barré syndrome was made.
She was then transferred to a regional tertiary care center in the afternoon where, at admission, her temperature was 37.5ЊC, respiratory rate was 21, blood pressure was 106/49 mm Hg, and oxygen saturation while she was breathing room air was 97%. Physical examination demonstrated lower and upper bilateral weakness, decreased bilateral tendon reflexes, and mild facial weakness with drooling. Dyspnea and dysphagia were absent, and results of sensory examination were normal. Analysis of CSF obtained by lumbar puncture revealed no abnormalities.
During a subsequent physical examination, an engorged tick was Female Dermacentor andersoni tick with oviposited eggs after a blood meal that produced tick paralysis in a 6-year-old girl (case 1). Oviposition suggests that the tick had been feeding for at least several days. In the northwestern United States prolonged duration of feeding by this tick species is associated with paralysis.
noted on the crown of the child's scalp. The tick was removed intact and was subsequently identified as a female Dermacentor andersoni measuring 13 mm in length. Species confirmation was made at the Rocky Mountain Laboratory of the National Institute of Allergic and Infectious Diseases (Hamilton, MT), where the tick was noted to have begun depositing eggs (figure 1). After removal of the tick, the patient's strength gradually improved during the evening and night of the same day that the tick was removed. On the following morning, she was mildly ataxic but was able to walk. Because of steady improvement in her condition, she was discharged from the hospital in the late afternoon that same day.
Review of previous cases of tick paralysis in Washington state. From 1946-1996, 33 cases of tick paralysis were reported to the Washington State Department of Health (table 1) . Eleven (33%) of these cases were reported during the last 10 years (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) . The 33 patients included 25 females (76%), and 27 (82%) were children aged !8 years. Of the 27 children, 21 (78%) were female. Twenty-two patients (67%) were white, 1 (3%) was black, and 1 (3%) was Native American. For 9 patients (27%), information on race or ethnicity was not available.
Cases Although clinical data were limited, onset of illness was available for all patients. Onset occurred only from March 14 to June 22. Documentation of fever was noted for 4 patients; headache, for 2; nausea, for 3; and malaise, for 1. A pruritic papular rash was noted for 1 patient. However, most records contained little clinical information. The median duration from onset to recognition of disease was 1 day (range, 1-10 days) for the 19 patients for whom this information was available. Two patients died. Both fatal cases occurred in girls aged 2 years who had onset of illness in 1946 and 1947. Other than their age, sex, residence, and site of probable exposure, no other information was available for these patients.
Information regarding hospitalization was available for 28 patients (85%). Fifteen (54%) of these patients were hospitalized. Information on hospitalization charges was available for 7 of 9 patients hospitalized for tick paralysis during 1987-1996. The median hospitalization charge was $912 (range, $343-$20,961). The number of days from onset to diagnosis for the patient who incurred 1$20,000 in charges was 3 days. Pneumonia was described in 1 (13%) of 8 patients for whom this information was available. Two (22%) of 9 patients required tracheal intubation for respiratory support.
Entomological information is summarized in table 1. Many of the patients had reported living near or visiting a body of water (e.g., a lake, river, or creek). Four patients (12%) reported exposure to a region in Spokane County where several lakes, including Medical Lake and Clear Lake, are located in close proximity to each other. Another 4 patients (12%) also reported exposure at Curlew Lake in Ferry County.
Discussion
The earliest reference to tick paralysis in humans is from Australia where, in 1824, William Howell referred in his diary to a tick "which buries itself in the flesh and would in the end destroy either man or beast if not removed in time" [10] . The first reports of tick paralysis in North America appeared independently in 1912, when a physician in Montreal queried British Columbia physicians to learn whether Rocky Mountain Spotted Fever was present in their province [11] . Among the physicians' replies were descriptions of 9 cases of tick paralysis. During the same year, an Oregon physician summarized reports of 12 cases that had occurred in Oregon and Idaho, 3 of which were fatal [10, 11] . The greatest incidence of paralysis in humans and livestock occurs in the Pacific Northwest. However, cases in humans and animals have also been described in other locations, including human cases in Georgia [9] , Wisconsin [8] , Pennsylvania [7] , and New York State, where the disease has [9, 13] .
The pathophysiology of tick paralysis has been eloquently reviewed by Gothe et al. [13] . Dermacentor-induced tick paralyses are motor polyneuropathies with limited participation of the afferent pathways. Experimentally demonstrated pathogenetic factors of Dermacentor-induced paralysis include a marked decrease of the maximal motor nerve conduction velocities, decrease in nerve (and their corresponding muscle) compound action potentials, impaired impulse propagation of afferent fibers, and simultaneously required heightening of the stimulating current potentials necessary to elicit a response [13] .
In this series of reported cases of tick paralysis in Washington State, we found that most patients with tick paralysis were children, especially girls. Although there have been no studies to explain this pattern, it is probably related to the common occurrence of girls having long hair, which affords a safe hiding place for a feeding tick (allowing for prolonged feeding before detection occurs) [10] . Symptoms typically appear ∼5 days after tick attachment. The tick may take 7-10 days to become fully engorged, at which time it would drop off. Although the scalp and neck are the most common sites of tick attachment, other sites have been reported [14] . Therefore, the entire body should be inspected when tick paralysis is suspected. We also found that most cases occurred in April through June; this seasonality has been associated with the time of year when adult Rocky Mountain wood ticks are most prevalent [8] .
In recent years, death due to tick paralysis has become uncommon; the 2 deaths in this series occurred in the 1940s. When tick paralysis is recognized and the feeding tick is removed, prompt recovery typically follows. However, the relatively high Figure 2 . Distribution of cases of tick paralysis in Washington State, by county of probable exposure, for 29 cases with such information mortality rate (11.7%) that was associated with tick paralysis in the North American Pacific Northwest during the 1950s has been ascribed to a general lack of awareness by the medical community [14] . Although cases of tick paralysis are rarely reported, a review reported in 1954 stated that ∼300 cases had been recognized in the Pacific Northwest, and nearly 100 cases were in the United States [14] . Deaths have been attributed primarily to the lack of availability of medical care in remote locations, where late presentation to a physician or misdiagnosis may occur [14] . Because early recognition of this disease allows for removal of the feeding tick and prevention of progression to paralysis and death, tick paralysis should always be included in the differential diagnosis of ascending flaccid paralysis. Other diagnoses to consider include poliomyelitis, acute polyneuropathy due to porphyria, renal failure with high levels of serum potassium, and acute necrotic myelopathy.
For all except 1 patient, the probable site of exposure was east of the Cascade Mountains. However, several patients were residents of counties west of the Cascades Mountains, which supports the importance of awareness of tick paralysis by physicians in areas of nonendemicity and their obtaining recent travel information. In all 14 cases in which a tick species was reported, D. andersoni was the implicated ixodid tick. D. andersoni is a vector of Rocky Mountain spotted fever and Colorado tick fever in the Rocky Mountain region of the United States. Cases of tick paralysis in the West have typically been reported west of the Rocky Mountains in Washington State, Oregon, Idaho, Montana, Wyoming, Colorado, British Columbia, and Alberta [14] . The known distribution of this disease does not coincide with the entire geographic distribution of D. andersoni in western North America; most reported cases of tick paralysis are concentrated in the northwestern section of the range of this tick [15] . The frequent reporting of cases in which rural and lake, river, or creek exposures occur probably reflects the attractiveness of this habitat to these ticks and their animal and human hosts.
Because this was a retrospective case series of reports to the Washington State Health Department, clinical presentations were not available for most of the cases reported in this series. Tick paralysis may initially present as vague complaints, such as irritability, fatigue, pain, or paresthesia within 1 day before onset of paralysis [14] . Often the patient is noted to stagger, and in 1 of our cases, the child was reportedly amused by this alteration. Without removal of the tick, flaccid paralysis will ascend to the upper limbs within 12-24 h. This paralysis is followed by bulbar paralysis (e.g., dysarthria, dysphagia, and lingual, facial, and ocular paralysis) [14] . Respiratory paralysis occurs followed by death. Abnormalities of temperature, pulse rate, respiratory rate, or blood, urine, or CSF measurements typically do not occur. If these abnormalities are present, the physician should consider complications of paralysis, such as pneumonia or coincidental tick-borne infectious diseases (e.g., ehrlichiosis, Rocky Mountain spotted fever, tick-borne relapsing fever, Colorado tick fever, babesiosis, and Lyme disease) [14] .
Our study has several limitations. We were confined to case report forms and accompanying information available to the Washington State Health Department. Cost data were available in only 7 cases and probably underestimate the total costs associated with this illness. We present these data to indicate the potential cost of delay in diagnosis of this illness. In some of these cases, careful physical examination at initial presentation may have obviated transfer to a tertiary care facility or expensive diagnostic testing. This information might be useful to state or county health departments in areas where tick paralysis occurs for considering making tick paralysis reportable locally or for regularly reminding practitioners of the disease. Finally, entomological data were limited, and we had no information on whether any of these patients developed other tick-borne illnesses.
Tick paralysis is a preventable cause of illness and death that, when diagnosed promptly, requires simple, low-cost intervention. The risk for tick paralysis and other tick-borne diseases may be reduced by the use of repellents on skin and permethrincontaining acaricides on clothing [1] . Careful examination of potentially exposed persons for ticks and prompt removal of ticks are recommended. Ticks can be removed by using forceps or tweezers to grasp the tick as closely as possible to the point of attachment [16] . Removal requires the application of even pressure to avoid breaking off the body and leaving the mouth parts imbedded in the host. Gloves should be worn if a tick must be removed by hand; hands should be promptly washed with soap and hot water after removal of a tick.
We present a relatively large series of cases of tick paralysis to demonstrate the predictable epidemiology of this disease. Improving health care provider awareness of tick paralysis could help limit morbidity and mortality due to this disease.
